























Effects of shading and high-temperature treatments on appearance quality of 
brown rice and palatability of cooked rice
 Yuuki Ishizukia)and Kuniyuki Saitoha)
(Course of Applied Plant Science)
　We examined the appearance quality and palatability of milled rice for each grain-thickness group. 
The rice cultivars, Nipponbare and Hinohikari, were cultivated at the paddy field of Field Science 
Center, Okayama University in 2009. For high-temperature treatment, both sides of the transparent 
chamber were opened when the temperature exceeded 36 degrees C, and closed when lower than 25 
degrees C, and 50% shading treatment with black cloth was applied during the grain-filling period. After 
harvesting, the grains of brown rice were sorted according to thickness using a rice grader, and classi-
fied into eight grain thickness groups, less than 1.6, 1.7, 1.8, 1.9, 2.0, 2.1, 2.2, and over 2.2mm. The 
appearance quality of grains was measured, and milled grains were cooked, and the palatability and 
physical properties were measured. The brown rice yield in high-temperature plots was 10-21% less than 
control due to the decrease in the ripening percentage and 1000-grains weight. Yield in the shading plot 
dropped to 16-24% less than control mainly due to the decrease in the ripening percentage. The per-
centage occupation of grains with 1.8-1.9mm thickness was higher in Hinohikari than Nipponbare. In 
high-temperature plots, thickness of 1.8-2.0mm decreased and thickness of higher than 2.0mm increased 
in both cultivars. The shading treatment increased thickness of lower than 1.9mm markedly. It was 
cleared that the shading decreased grain thickening growth and grains was distributed more among 
thinner groups, and high-temperature promoted the grain thickening growth despite the decrease in 
1000-grains weight. In both cultivars, the lower the grain thickness group, the lower the percentage of 
perfect grain due to the increase in the percentage of chalky grain. The palatability value of milled rice 
was greater in Hinohikari than Nipponbare. The lower the grain thickness group, the lower the palat-
ability value and stickiness, and those tendencies were remarkable in Nipponbare than Hinohikari. The 
shading and high-temperature treatments decreased the palatability value and the stickiness, especially 
in Nipponbare. The palatability value decreased with lower the grain thickness group due to an increase 
in the percentage occupation of chalky grains.
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Thermo Recorder おんどとり(T AND D 社製TR-71S)
を用いて気温を測定した．
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Control plot High-temperature plot Shading plot





















































Nipponbare Control 321 92.2 29.2 92.0 22.4 655 603
High-temp. 343 77.2 26.5 85.1 21.1 560 477
Shading 339 75.1 25.3 82.1 22.0 557 457
Hinohikari Control 363 88.9 32.2 88.9 22.0 709 630
High-temp. 351 93.3 32.7 83.9 20.8 681 567
Shading 357 89.3 31.9 76.9 21.6 689 530
LSD 0.05 ns 5.6 1.2 3.7 1.0 34 24
Means followed by the same letter are not significantly different at 5% Level according to Fisherｾs PLSD.
Table 2 Percentage distribution of grain weight at different thickness groups (%)
Cultivar Plot
Grain thickness group（㎜）
<1.6 1.6～1.7 1.7～1.8 1.8～1.9 1.9～2.0 2.0～2.1 2.1～2.2 ≧2.2
Nipponbar Control 0.7 0.7 1.8 8.8 39.1 45.3 3.3 0.1 
High-temp. 0.8 0.6 1.4 6.0 28.5 55.1 7.2 0.3 
Sading 2.9 2.0 3.1 9.6 36.5 42.0 3.7 0.2 
Hinohikari Control 0.8 0.9 2.8 11.1 33.6 43.2 7.0 0.5 
High-temp. 2.0 1.6 3.4 9.3 24.1 45.6 12.5 1.4 
Sading 3.1 2.3 5.6 17.5 38.3 30.2 2.8 0.1 
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Fig. 4 Effect of thickness and appearance quality of brown rice growing under high-temperature and shading treatments.








































Fig. 5 Palatability value of cooked rice growing under high-temperature and shading treatments.
Each value is the mean of six replication measured by Taste Analyzer. 












































































































































Fig. 6 Palatability value of cooked rice at each grain thickness group.

























Table 3 Simple correlation coefficients between palatability values of cooked rice and appearance quality of brown rice in 
Nipponbare (upper) and Hinohikari (lower)
Nipponbare items a) b) c) d) e) f) g) h) i) j) k) l) m) n) o) p)
a) Taste value － 0.99 －0.98 0.99 1.00 －0.78 0.33 0.76 0.47 0.91 －0.40 －0.73 0.02 －0.86 0.68 －0.72 
b) Appearance ** － －0.99 0.95 0.98 －0.83 0.28 0.75 0.49 0.84 －0.35 －0.64 0.08 －0.87 0.63 －0.67 
c) Hardness －** －** － －0.94 －0.98 0.84 －0.30 －0.77 －0.49 －0.83 0.30 0.61 －0.14 0.87 －0.60 0.70 
d) Stickiness ** ** －** － 0.99 －0.72 0.35 0.75 0.46 0.95 －0.44 －0.80 －0.04 －0.84 0.70 －0.74 
e) Balance index ** ** －** ** － －0.78 0.33 0.76 0.47 0.91 －0.40 －0.73 0.02 －0.86 0.68 －0.72 
f) Hardness（Kgf） －** －** ** －** －** － －0.01 －0.61 －0.45 －0.55 0.13 0.40 －0.16 0.73 －0.40 0.36 
g) Stickiness(Kgf) － 0.78 0.11 0.41 －0.24 －0.27 0.17 －0.47 0.11 －0.36 
h) Balance index ** ** －** ** ** －** ** － 0.40 0.70 －0.26 －0.50 0.21 －0.80 0.36 －0.57 
i) Elasticity * * －* * * －* － 0.31 0.11 －0.18 0.46 －0.48 0.16 －0.46 
j) Perfect ** ** －** ** ** －** ** － －0.52 －0.90 －0.14 －0.79 0.68 －0.74 
k) Green immature －* －* － 0.69 0.33 0.31 －0.53 －0.05 
l) White immature －** －** ** －** －** －* －** ** － 0.29 0.57 －0.69 0.49 
m) Other immature * － －0.33 －0.33 －0.23 
n) Dead －** －** ** －** －** ** －* －** －* －** ** － －0.47 0.61 
o) Fissured ** ** －** ** ** ** －* －** －* － －0.38 
p) Others －** －** ** －** －** －** －* －** * ** －
 Hinohikari items a) b) c) d) e) f) g) h) i) j) k) l) m) n) o) p)
a) Taste value － 0.99 －0.97 0.98 1.00 －0.65 0.10 0.72 0.54 0.72 －0.39 －0.70 0.22 －0.97 0.44 －0.91 
b) Appearance ** － －0.99 0.94 0.99 －0.64 0.14 0.74 0.53 0.66 －0.34 －0.63 0.27 －0.97 0.40 －0.88 
c) Hardness －** －** － －0.90 －0.97 0.65 －0.13 －0.74 －0.53 －0.61 0.25 0.57 －0.32 0.96 －0.38 0.88 
d) Stickiness ** ** －** － 0.98 －0.63 0.07 0.67 0.53 0.79 －0.48 －0.80 0.12 －0.94 0.48 －0.89 
e) Balance index ** ** －** ** － －0.65 0.10 0.72 0.54 0.72 －0.38 －0.70 0.22 －0.97 0.44 －0.91 
f) Hardness（Kgf） －** －** ** －** －** － 0.52 －0.51 －0.47 －0.45 0.23 0.59 －0.28 0.64 －0.36 0.54 
g) Stickiness(Kgf) * － 0.46 0.07 －0.06 0.11 0.26 0.07 －0.13 －0.30 －0.07 
h) Balance index ** ** －** ** ** －* * － 0.55 0.38 －0.13 －0.33 0.33 －0.74 0.04 －0.60 
i) Elasticity ** ** －** ** ** －* ** － 0.18 －0.05 －0.24 0.54 －0.53 －0.18 －0.51 
j) Perfect ** ** －** ** ** －* － －0.84 －0.94 －0.47 －0.71 0.75 －0.71 
k) Green immature －* －** － 0.78 0.67 0.35 －0.62 0.34 
l) White immature －** －** ** －** －** ** －** ** － 0.33 0.68 －0.73 0.67 
m) Other immature ** －* ** － －0.21 －0.57 －0.18 
n) Dead －** －** ** －** －** ** －** －** －** ** － －0.42 0.86 
o) Fissured * * * ** －** －** －** －* － －0.43 
p) Others －** －** ** －** －** ** －** －* －** ** ** －* －
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